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1. Introduction 
Thls note describes some estlmates of the dose rates due to neutron 

skyshine from the Loma Linda Synchrotron in IB 1. Skyshine is extensively 
dlscussed in several papers listed in the references. Refer to these for 
details of the various parametrlzatlons. 

I I. Methods 
Neutron skyshlne has occasionally presented problems at proton 

accelerators that had very thin roof shielding. Thomas, for example makes 
the general statement that “some overhead shielding is requlred for 
accelerators that produce neutron intensities greater than about IO9 
neutrons per second” [ I I. By skyshine, I mean the dose resulting from 
neutrons that are emitted In a upward direction and then scatter from air 
molecules back down to a measurement location. 

There are many measurements at different accelerators of 
“skyshine”. Unfortunately the experlmental condi tlons are of ten not under 
the control of the health physicist doing the measurements. In addition 
the shielding arrangement often is not optimized, the neutron source term 
is not well known, and instrumentation varies, making it difficult to use 
this information in the design of another facility. Nevertheless there are 
several parameterizations of the dose that allow one to make at least 
“order of magnitude” estimates of the doses due to skyshine. 

I have used several of these expressions to estimate the skyshine 
dose expected durlng normal running of the Loma Linda accelerator in If3 I, 
Most skyshlne formulae assume that one is interested In the dose at large 
distances (typically hundreds of meters). The dose (or fluence) 
attenuation is primarily determined by the increasing distance from the 
source (rm2) and an exponential factor due to scattering and absorption 
(exp(-r/A)). The attenuation length, A, may depend on the neutron energy. 
Note that we are interested in the dose close to the source (e.g. in the 
accelerator control room area) as well as at larger distances. These 
formula are of questionable usefulness at distances comparable to or less 
than the size of the neutron emitting “source”. For IBl this probably 
means 10 meters or less (the size of the accelerator enclosure). At very 
small distances there will be shadowing effects from the shield wall and 
a strong dependence on the location of the loss point relative to the 
measurement locatton. Keeping all these caveats in mind, I plunge ahead. 
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A. Expression 1 

Taken from Ref 2. the dose from skyshine, H, at a distance r from the 
source is 

Htr)=3x IO - ’ O exp(-r/AI/r2 

where Ii is In mrem per neutron emitted and r is in meters. 

A = b(E) -----> for E=250 MeV, A=520 meters 

I assume: 
a) 2.5 x 1 O8 protons per second (1% loss) 
b) 1 neutron per proton [see ref I, f fgure 3.221 
cl 0.5 of all neutrons emitted into upper hemisphere 

Dose rate at 10 meters is: 

HI10 rnetwst3x10-'0 ex&10/520)1100 n (1.25x10~ neutron/secM3600 !3cadar) 
I410 rleterst1.3 mrsmlhr 

Dose rate at 100 meters: 

tuloo Meteret3xl0-l4xp(-100/520Kl0000 x (1.25x108 n/secM3soo sear) 
~lOOmetershO.01 mremhr 

8. Expression 2 

Taken from Ref 2 (Llndenbaum formula): 

drb1.410-5 e&lv25ooour x (1.25x10~n/sec) 

where 6 Is the neutron f luence at a distance, r, with 0 in units of neutrons 
cmv2 set- I and r in cm. 

For I MeV neutrons, there are 8.5 n cm-2 sec’l per mrem hr- l so 

I410 mete.&= 0.2 mrem/lw 

Slmllarly, 

H(100 meterskO.01 mremlhr 



C. Expression 3 

Taken from reference [3]: 

tirI=_ile ( 1 -exp(-r/$1 exp(-r/l) 
4x? 

az2.8 
p=5.6 x 1 O3 cm 
1=2.67 x 1 O4 cm 
Q is the source strength 

cp is in units of neutrons cmS2 set-’ and r is in cm. 

Note that reference 133 says this formula is valid for r > 50 meters. I 
don’t know how accurate it is for smalier distances. 

8) ‘b-)- %E% (I-exp(-loOO/5.6x1~))e~-1ooO/267xlO 4, 

+( 10 metars) - 4.4 n cms2 SK-l Iassume lHeVneu~wiU18.5nun-2sec-‘permremhr-1~. 

Ml0 meters) -0.5 laremlhr and simllaly 

H( 100 metersM.004 mrem/hr 

0. Expression 4 

Taken from reference 3. 

As an alternative method, I extrapolate from a low energy 
measurement that had good geometry and know ledge of the sauce term. 
Unfortunately It was done at only 50 MeV incident proton energy. However, 
if I assume that the dose rate scales wlth the number of neutrons produced 
per interacting proton and that the spectrum of scattered neutrons does 
not differ significantly from 50 to 250 MeV then this can give another 
estlmate of the skyshlne dose. A 50 MeV proton beam was incident on a 
thick aluminum target surrounded by a 12 foot high, 3 foot thick concrete 
wall with no roof over the enclosure. The dose was measured at several 
distances ranging from one yard or so out to about flf ty yards. It was 
verlf led that direct radiation throught the shield wall was negligible. The 
shielding and targeting arrangement is not too different from our situation 
in IB 1, From reference [3-(f lgure 811, the maxlmum in the dose rate 
outslde the shleld wall for 50 MeV incident protons was about I20 mrem 
hr- f PA-I. This occurs about 6 yards from the shield wall. There is no 
lndicatlon of the distance from the target to the wall but it is probably at 
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most a few yards. Based on figure 3.22 of Ref [ 1 I, the ratio of neutron 
yields at 50 MeV and 250 MeV is about 30. Thus for 250 MeV protons 
interacting at 2.5x I O8 protons/set (4x I Oe5 pamp), the estimated dose 
rate 1s: 

H = 120 mrem hr- T pA- 1 14x I Ov5 PAI (30)=0.14 mrem hr- I 

Note that an increase in the wall height to I9 feet in the measurements 
described in refI3j reduced the peak dose rate from 120 mrem hr-l pamp 
to 50 mrem hr- T Camp. Thus we can expect that the dose rate outslde a 9 
foot high wall would be somewhat greater than the dose rate determined 
Prom the above extrapoiatlon. However, this Increase is probably no more 
than a factor of two. 

III. Conclusions 

While these estimates must be considered to have large uncertalnlty (i.e. 
a factor of 10 spread In the results for close distances), they do set the 
scale of dose rates to be expected from skyshine. Dose rates of the order 
of 0. I to I mrem/hr in the area of the accelerator control room might be 
anticipated, depending on the loss point, measurement location, beam 
energy, and number of interacting protons, Fortunately, measurements 
can be made to determine if skyshine doses due to normal running are a 
problem (1. e. exceed 0.25 mrem/hr in occupied areas). Dose rates outside 
the I61 building will not be a problem since these are minimally occupted 
areas and it seems clear that the dose rates due to normal losses will be 
well below 0.25 mrem/hr. Doses due to accidental losses of full intensity 
beam will be limited by interlocked detectors. It would be prudent to 
retain the option of local shielding of loss points in case dose rates due 
to skyshine are somewhat larger than anticipated. 
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